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decreased,sincetheconcentrationofdyewaslimited.
Ontheotherhand,Tijssenaaﾉ.(1982)reportedan
instantaneousdecreaseofnuorescenceintensityafier
addingyeast(StIcc加'り"りﾉc鄙次Mgj"s)toaDAPI
solutionataconcentrationofO.2ILgml~'in3mM
Tris-maleateatanemissionwavelength456nmwhile
theincreasewasinstantaneousat525nmduetoDAPI
boundtoperipherally-localizedpolyphosphatesonthe
surfaceofyeastcellswhichcouldnotobservedin
commercialbaker'syeastintheirsmdyandafier
prolongedincubationthenuorescenceintensityat456
nmgraduallyincreasedsincetheDAPIwasboundtoand
takenupbytheyeastcells・Therefbreourresultssuggest
thattheproperamountofyeast(SIcerev航αe)fbr
stainingshouldbeZ10ILgml~Isincethestainingoflive
cellsrequiresaplasmamembranethatispermeableto
nuorochromethatstoichiometricallystainsDNAand
dependsoncelltypewhichsomeofwhichtakeup
fluorochromeatdifferentrates(Darzynkiewicz,2011)
thus,yeasttypeandconcentrationareimportantfactors
intheoverallstainingprocess.
FluorescenceintensityofO.1-1011gml~'DAPI
concentrationmixedwithlOOILgml~'yeast
concentrationincreasedinstantaneouslyfifomfiFeeDAPI.
ThemixturesofO.llLgml~'DAPIrequiredalongest
timetoreachequilibriumandthetimerequired
decreasedwithincreasingdyeconcentrationasshoWnin
Fig.2;howeverjuorescenceintensityofthemixtureof
Z3ILgml~'DAPItrendedtodecreasegraduallywith
Thechangeinnuorescenceintensitywithtimeand
theexcitationandemissionspectrumofeachcondition
weremeasuredinstantaneouslyaftermixingatroom
temperamreinthreereplications.Anexcitation
wavelengthof360nm,anemissionwavelengthof456
nm,excitationandemissionbandwidthsof5nmwere
usedinthemeasurement・Timedependencyofeach
mixmrewasmeasuredateachsecondafierthemixing.
Ⅲ．RESULTSANDDISCUSSION
Fluorescenceemissionintensityatanexcitation
wavelength360nm,emissionwavelength456nmoffifee
DAPIandmixmresofDAPIandyeastareshowninFig.1,
theintensityofmixmresofO.landlllgml~IDAPI
concentrationwithl-100ILgml-'yeastconcentration
increasedinstantaneouslyandgraduallyreached
equilibriumexceptfbramixmreofO.1トlgml~'DAPI
withlllgml~'yeast.MixmresofO.1ILgml~'DAPIwith
50-100トLgml~'yeastandllLgml~IDAPIwithZlOllg
ml-'yeastresultedagreaterincreaseinintensityぅahigher
stabilityandalowerstainingtimeduetothedecreasein
thetimetoreachequilibriumwhenyeastconcentration
wasincreased,andconcentrationsofyeast≦lllgml-1
yeastresultedininconsistentdata・Furthennorethe
mixturesofO．lllgml~'DAPIneededlongertimeto
reachequilibriumcomparedwiththemixturesoflトlg
ml-lDAPI・Whentheyeastconcentrationwasincreased
thetotalintensitychangeinO.lllgml~'DAPIwas
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time.TheproperDAPIconcentrationfbryeast(&
Ce花v航αe)stainingshouldbe<10ILgml~'.Aclear
histogramfifomcellscountedbynuorescentmicroscopy
ingliomacelllineU87wasdemonstratedusingthe
optimalDAPIconcentrationatDAPIO.4-0.611gml-l
(Sunααﾉ.,2017).ADAPIconcentrationat>2-10mg
L~'couldeasilydistinguishedbacteriabymicroscopy
whenDAPIwasused(Yuαα/.,1995).Athighdye
concentration,thecontributionthenuorescencespectrum
ofDAPIboundtodifferentpolynucleotidescouldnotbe
observed(Biancardiaaﾉ.,2013),therefbrethedye
concentrationwasalsoafactorinthecharacteristicsand
stabilityofmicrobesinthestainingprocess.
Tbachievestabilityinstainingfbcusingontime
dependencyat50%ofthemaximumamountofstained
yeast,theproportionofmicrobes(ncrobe:dyeratio)is
animportantfactorthatcanaffectthestainingresults
(Darzynkiewicz,2011),whilestainingtimeisimportant
fbrstainingefficiencyandthesizeoftheinstrumentto
bedesigned(Fig.3).AstainingtimeofO.lllgml~',a
DAPIconcentrationof50%ofthemaximumofstained
yeastatl,5,10,50andlOOl,gml-'yeastconcentration
were60,40,40,10and7sec,respectively.Alllgml~'
DAPIconcentrationresultedinstainingtimesof50,5,6,
4and4secfbr50%ofthemaximumofstainedyeast
concentrationsofl,5,10,50andlOOトLgml-l
respectively.0．1トLgml~IDAPIwithZ50ILgml~'yeast
andlトLgml~IDAPIwith≧5ILgml-lyeastrequireda
stainingtimelessthanlOsecwhilealongertimewas
requiredfbrtheotherconcentrations・Thesedataindicate
thathalfoftheyeastfiactioncouldbestainedwithinlO
secusingO.landllLgml~IDAPIconcentrationswitha
yeastconcentrationofusing≧10ILgml-l・ForlOOllg
ml~'yeastconcentration,50%ofthemaximumstaining
ofyeastwasachievedbyusingO．1,1,3and5ILgml-1
DAPIconcentrationsat7,4,1andlsec,respectivelyb
Thus,≧10ﾄLgml~'yeastwithDAPI3-10ILgml~'should
beusedinstainingairbornemicrobesinanaerosolstate
inordertoachieveahighstabilityandlowertotal
imensitychangeinstainingbecauseashortertimefbr
yeaststainingisrequiredusingthiscondition.
ExcitationandemissionspectraofO.landlllgml~'
DAPIconcentrationandmixmresofl-100ILgml~'yeast
concentrationwereobtainedimmediatelyaftermixing.
Theexcitationnuorescenceintensitycouldbeenhanced
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byusingO.landlllgml~IDAPImixedwith5-100トLg
ml~'yeastcomparedwithDAPImixedwith<511gml~'
yeastorfifeeDAPI(Fig.4).Whentheyeast
concentrationwasincreased,themaximumexcitation
spectrumofO.landlllgml~'fifeeDAPIwasshifted
fom344and344to351and350nmrespectivelybThe
abovedataareconsistentwiththeabsorbanceredshifi
reportedfbrDAPIboundtocalfthymusDNA(Linαα/.,
1977),polyd(G-C)2(Wilsonαα/.,1989),poly(A)
(Kapuscinski,1990),poly(A)-poly(U)(Taniouse/q/.,
1992),single-anddouble-strandedDNA(Kapuscinski,
1995;Cosaaa/.,2001;Biancardiaα/.,2013).
AnalogoustomixingDAPIwithcalfthymusDNA,
double-strandedDNA,poly(A)orpoly(A)-poly(U),
mixingDAPIwithyeastwasalsofbundtoenhancethe
fluorescenceintensityinourstudy・Whentheyeast
concentrationwasincreased,thenuorescenceintensity
wasalsoincreasedsubstantially・Themaximumemission
spectrumofO・landllLgml-'廿eeDAPIwereshified
fifom455and457to470and477nmrespectivelywhen
yeastataconcentrationof5-100ILgml~'wasadded・The
enhancementinnuorescenceintensityandthemaximum
emissionspectrumredshiftfbrthemixtureofO.landl
ILgml~IDAPIwith5-100ILgml~'yeastgaveresultsthat
werethesameasthatfbrwhenDAPIboundtopoly(A)
andpoly(A)-poly(U).Tijssenαα/.(1982)observeda
rapidredshiftintheemissionspectrum廿om456nmfbr
廿eeDAPIto525nmfbrDAPIstainedyeast(＆戸tg"な）
sinceareactionofDAPIwithperipherally-localized
polyphosphatesonthesurfaceofyeastcellscouldnot
observedincommercialbaker'syeast,indicatingthe
absenceoforalowconcentrationofperipherally-
localizedpolyphosphates.
IVLCONCLUSION
Thetimedependencyandspectraoftheyeast
stainingprocessindicatethattheyeastSIc"ev耐aewere
stainedinstantaneouslybyDAPIinpurewateratdye
concentrationsofO.1-10ILgml~'and50%ofthe
maximumamountofstainedyeastcouldbeobservedin
lessthanlOseconds,whileusingoptimalmicrobeand
dyeratiosresultedinaninstantaneousincreaseof
fluorescenceintensitywhenyeastcellswereaddedtoa
dyesolutionandspectralshiftsdemonstratedthatthe
Huorescenceintensitywasincreasedandthatspectral
shifiswereobservedwhenDAPIbecameboundtoand
fbrmedanintercalationcomplexinG-CregionsinDNA,
A-UregionsinRNAorpolynucleicacidinsidethecells.
Theproportionofyeastanddyeconcentrationeffected
bothstainingefficiencyandtimedependencyland,by
adjustingtheconditions(e.g.,DAPI3ILgml~!andyeast
ZIOILgml~!fbrthepresentcase),stableandrapid
stainingprocesses(<10seconds50%staining)couldbe
obtained.Theabovefindingssuggestthattheuseofan
aerosolstainingprocessrepresentsaplausibleapproach
tosoIvingthisproblem.
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微生物染色特性の時間依存性に関する検討：
バイオエアロゾルオンライン計測のための基礎特性
PIRIYAKARNSAKULSuthida1・寶田馨!・畑光彦2．古内正美2＊
??????????????
要旨
気中に浮遊する微生物（バイオエアロゾル）のDNAを浮遊状態で気中染色できれば，既存の
フローサイトメトリー等の計測技術をエアロゾルに応用して（エアロゾルフローサイトメトリ
ー)，微生物の種類・濃度などの詳細な情報をオンライン計測できる可能性がある。こうしたオ
ンライン計測の実現は，バイオエアロゾル発生源の特定や輸送変動を議論する上で有用なツー
ルとなる。バイオエアロゾルと蛍光染料ミストとの混合は気中染色法の候補の一つであるが，
染色液と接した菌のDNA染色に要する時間がエアロゾル保持時間・方法，装置寸法を決定する
重要なファクターとなる。本研究では，イースト菌と代表的な蛍光物質であるDAPI溶液の組み
合わせを例として，様々な菌・蛍光物質濃度で菌分散液とDAPI溶液の混合直後からの秒単位の
DNA蛍光強度の変化特性を蛍光分光光度計で計測し，混合条件と染色時間の関係に検討を加え
た。この結果，適切な濃度条件（例えばDAPI311gml~',イー スト菌lOl,gml-')を設定すること
で再現性のある安定した時間特性が得られること,10秒以下の極めて短時間にDNAの50%以上
が染色されることを示し，気中染色法の実現可能性を示した。
キーワード：バイオエアロゾル,DAPI,蛍光染色，時間依存性，イースト菌
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